The POU domain: a large conserved region in the mammalian pit-l, oct-l, oct-2, and Caenorhabditis elegans unc-86 gene products
POU (pronounced 'pow'). This domain contains homeobox-related and POU-specific subdomains. The three mammalian proteins have been implicated in transcriptional control, and unc-86 is a cell lineage and cell differentiation gene. Pit-1 is a rat pituitary-specific transcription factor that regulates expression of the prolactin and growth hormone genes, normally expressed in two different cell types (lactotrophs and somatotrophs) of the anterior pituitary gland, and recognizes the sequence motif ATGNATAA/TA/T (Nelson et al. 1988 ). Expression of Pit-1 in heterologous cells results in the activation of cotransfected growth hormone and prolactin promoters (ingraham et al. 1988 ). Oct-1 and Oct-2 are a pair of differentially expressed human promoter-binding proteins that recognize the same octameric sequence, ATG-CAAAT. This octamer motif is an important cis-regulatory element in the promoters of ubiquitously expressed genes (e.g., small nuclear RNA and histone H2B genes) and cell-specific promoters (i.e., immunoglobulin promoters) (for references, see ). Oct-1 is expressed ubiquitously and probably represents the octamer-binding protein variously referred to as NF-A1, OTF-1, NFIII, and OBP100. OTF-1 and NFIII were shown to be identical and to be both a transcription factor and an adenovirus DNA replication factor (O'Neill et al. 1988) . In contrast to Oct-l, Oct-2 is a B-cell-specific transcription factor [previously referred to as NF-A2 or OTF-2 (see Clerc et al. 1988) ] that can activate immunoglobulin gene transcription in vitro (Scheidereit et al. 1987; LeBowitz et al. 1988 ). The biochemical activity of the unc-86 gene product is unknown, but loss of unc-86 function results in altered neuroblast lineages and failure in the differentiation of at least one class of neuron (Chalfie et al. 1981; Desai et al., 1988) . Figure 1 shows schematically the location of the POU domain and its subdomains, described below, within the four POU proteins, and Figure 2 shows a comparison of the predicted amino acid sequences of Pit-1 (ingraham et al. 1988 ), Oct-1 , this issue), Oct-2 (Clerc et al. 1988 , this issue), and unc-86 (Firmey et al. 1988 ) in the region of sequence similarity. Table 1 shows the percentage of residues that are identical among all four proteins and in the six different pair-wise combinations. As aligned in Figure 2 , the region of similarity extends over 155 (Pit-l), 159 (Oct-l), 162 (Oct-2)and 162 (unc-86) amino acid residues. The entire region is referred to as the POU domain, for the Pit-l, Oct-1 and Oct-2, and unc-86 region of sequence similarity. These four proteins are identical at 34% of the 170 possible positions (58/170) over the entire POU domain. In any pair-wise combination, however, there is a higher level of identity. The Oct-1 and Oct-2 proteins are very related, displaying 87% identity over the entire POU domain. These two proteins also display sequence relationships outside of the POU domain (Clerc et al. 1988; ) and thus are the most highly related pair of POU proteins. Aside from the close Oct-1 and Oct-2 relationship, the four proteins display similar levels of sequence identity, ranging from 42% (Oct-2 • unc-86) to 52% (Oct-1 "Pit-l), in the POU domain but no obvious relationship outside of this region.
From the alignment of the four sequences in Figure 2 , two major subdomains of the POU domain can be identified. The 60 amino acid carboxy-terminal subdomain has an overall identity of 37% among the four proteins and is related to the homeo box domain first identified in Drosophila homeotic gene products (McGinnis et al. 1984; Scott and Weiner 1984) . The relationship between each of the four POU homeo box domains and other homeo boxes is described in detail elsewhere (Clerc et al. 1988; Finney et al. 1988; Ingraham et al. 1988; Ko et al. 1988; ). Briefly, the sequences of these four POU homeo boxes are more closely related to one another than to other homeo domains. The carboxy-terminal third of the homeo domain (labeled WFC) is particularly well matched (71% match over 17 residues). We refer to this subregion as WFC because the tryptophan (W) and phenylalanine (F) residues are extremely well conserved among homeo box domains, whereas the cysteine (C) is unique to the POU class of homeo boxes. This WFC region contains the DNA recognition helix of a putative helix-turn-helix motif that has been described in all homeo domains identified to date (Laughon and Scott 1984;  for review, see Scott et al. 1989) . Consistent with this sequence similarity being within a DNA recognition domain, the Pit-1 and Oct proteins bind to similar DNA sequences (Nelson et al. 1988 ; see Ingraham et al. 1988 ) and mutations in the helix-turn-helix motif of the Oct proteins impair binding to the octamer sequence (Ko et al. 1988; .
The POU homeo box is separated by a short (15-27 amino acids) region of sequence dissimilarity from the second major POU subdomain, a 75-to 82-amino-acid region that displays 43% identity among the four pro- / \ teins. It is this region that most strongly characterizes the POU proteins as a distinct class. This POU-specific region can be subdivided further into two highly conserved regions (A and B), which overall display 65% and 53% identity among the four proteins. These two subregions are separated by an identical 8-amino-acid sequence in Oct-1 and Oct-2; but these residues differ in Pit-l, and uric-86 contains an extra three amino acids in this region. Comparison of the nucleotide sequence of the oct-1 ) and oct-2 [Clerc et al. 1988 ) genes reveals that the nearly identical POU-specific regions of these two proteins (99% match; see Fig. 2 ) have been conserved at the amino acid level but not at the nucleotide level, because the nucleotide sequence at silent positions has diverged greatly. This comparison suggests that the POU-specific region has been conserved through functional constraints on the protein products. This conclusion is substantiated further by the high degree of sequence conservation in proteins present in organisms as diverse as nematodes and humans.
It is not immediately evident why the POU family of proteins share such a large region of sequence identity.
In other homeo-box-containing proteins that have no additional large conserved domain, the homeo box domain appears to be sufficient for DNA sequence recognition (Desplan et al. 1988; Hoey et al. 1988 ). This result would suggest that the POU-specific region is not necessary for DNA binding. Nevertheless, the close relationship and distinct nature of the POU proteins in the region of the putative homeo box DNA recognition helix (WFC) may indicate that these proteins form a different type of DNA-binding protein in which the homeo box is insufficient for DNA binding. Consistent with this interpretation, deletion of the Oct-1 POU A box debilitates Oct-1 DNA-binding activity in a gel retardation assay . The prd box, which is also associated with a particular prd-type homeo domain in certain Drosophila genes (Baumgartner et al. 1987) , may represent a similar type of structure as the POU domain.
The four POU-related proteins were characterized initially either biochemically (Pit-l, Oct-l, and Oct-2) or genetically (unc-86) and not by sequence similarity. There will probably be other homologous proteins that contain POU-related domains. At present, it is not known whether the POU-specific and POU homeo box The percentage of identical amino acids over the total number of residues for each region is shown for each pair-wise combination and for all four POU proteins together. The sequence alignment used and the boundaries of the different subdomains are as shown in Fig.  2 . The entire POU domain extends from the amino terminus of the POU-specific box to the carboxyl terminus of the POU homeo box. The total number of positions in each region is shown at the top of each column, except for where the number is variable, in which case the number of positions for each comparison is shown in parentheses.
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subregions can be functionally dissociated. A computeraided search of known protein and DNA sequences revealed no sequences with a high similarity to the POUspecific box. The POU proteins themselves may well be related functionally, as well as structurally. The Pit-1 and Oct-2 proteins are involved in cell-specific transcriptional regulation; the unc-86 protein controls cell-specific developmental fates. It seems likely that the unc-86 protein is a transcriptional regulator, and it is plausible that the Pit-1 and Oct-2 proteins specify the fates of pituitary and lymphoid cells, respectively. The Oct-1 protein is also a transcriptional regulator, but this POU protein has been found in all cell types analyzed and is apparently involved in the transcription of generally expressed genes.
Further studies of this new family of proteins should establish whether the POU domain functions only in DNA sequence recognition or also in direct interactions with other transcriptional factors. Such studies should also reveal whether, like the unc-86 protein, the Pit and Oct proteins control cell fates during development.
